Abstract. Calceolarioside A has a potential effect of anti-food allergy, which was isolated from the bark of Fraxinus mandshurica Rupr. In this article, to study the pharmacokinetic of Calceolarioside A in mice, HPLC was used to determine it in the mice serum at different time after oral administration of Calceolarioside A (group A) and butanol extract (group B, contain the same concentration of Calceolarioside A). The Pharmacokinetic parameters were analyzed by PK-solver. As the results showed, the C max was 661.19±104.07 ng/mL, T max was 1h, AUC 0-t was 1958.76±442.18 ng/mL·h, T 1/2 was 4.46±0.79 h in group A. And in group B, the C max , T max , AUC 0-t and T 1/2 were 1624.92±702.35 ng/mL, 1h, 5854.52±1596.86 ng/mL·h, 2.81±0.65 h, respectively. In conclusion, this method is successfully applied in the pharmacokinetic profile of Calceolarioside A in mice serum.
Introduction
Calceolarioside A is a phenylethanoid glycoside. Most of phenylethanoid glycosides are isolated from herbs and they have exhibited convincing bioactivities, such as hepatoprotective Activities [1, 2] improve glucose tolerance in mice [3] , melanogenesis inhibitory activity [4] , antioxidant and anti-HBV activity [5] , anti-fatigue, neuroprotective, and anti-inflammatory effects in both in vivo and in vitro studies [6] .
Calceolarioside A can be isolated from the bark and leaves of Fraxinus mandshurica Rupr, which is a traditional Chinese herb medicine. The bark has been widely used for treatment of inflammatory, urinary retention, fever and so on in Chinese folk medicine [7] . Fraxinus mandshurica Rupr can alleviate the pain, and significantly inhibit acute and chronic inflammatory reaction [8] . Some compounds have been isolated from the bark of Fraxinus mandshurica Rupr, such as calceolarioside A, calceolarioside A-2′-α-L-rhamnopyranoside, homovanillyl alcohol-4′-glycoside, ligstroside, balanophonin, fraxinol, isofraxidin, fraxetin, aesculetin, mandshurin, isofraxidin-β-D glucoside, fraxin and isoscopoletin-β-D-glucoside [9] [10] [11] .
The extraction from the leaves of Fraxinus mandshurica Rupr and Calceolarioside A could inhibit the IgE (Immunoglobulin E) production in U266 cells [12] , it suggests that Calceolarioside A could potentially serve as anti IgE-mediated food allergy. However, there was no data reported pharmacokinetic of Calceolarioside A, neither oral or inject in animal. In this paper, to study on the pharmacokinetic of Calceolarioside A in mice, experimental mice were given Calceolarioside A and butanol extracts (extract from the bark of Fraxinus mandshurica Rupr.) by intragastrical administration. Then the mice sera were determined by HPLC.
Results and Discussion
Pharmacokinetic method Validation HPLC (High Performance Liquid) has been used as an important and useful analytical method in life science for its sensitivity, low detection limitation, fast analysis, selectivity and specificity. The goal of this study was to develop a simple, sensitive, reliable, repeatable and rapid method to determine Calceolarioside A from mice serum samples and analysis the pharmacokinetic of Calceolarioside A in mice.
Selectivity specificity The analysis of Calceolarioside A by HPLC was highly selective with no interfering compounds, and the chromatograms were showed in Fig.1 , Calceolarioside A and the internal standard Calceolarioside B were separated well, R (the degree of separation) >1.5. The limit of detection was 10 ng/mL (RSD≥5%), N/S (the value of signal to noise ratio) ≥3. Accuracy and Calibration curve Day and intra-day variations were used to validate the accuracy. The accuracy of the method was expressed in terms of relative standard deviation (RSD). The RSD of day and intra-day variations were 2.7% and 3.9%, respectively. Calibration curve was generated to confirm the linear relationship between the peak area of Calceolarioside A /IS and the concentration of Calceolarioside A/IS in the test samples. The standard curve was obtained as following: y=1.2445x-0.1262, R 2 =0.9982. The calibration curve showed good linearity over the range 50-2500 µg/L for Calceolarioside A.
Recovery The extraction recovery was calculated by comparing the peak area of Calceolarioside A and internal standard extracted from mice serum samples and determined by HPLC. The average of extraction recoveries of Calceolarioside A was determined during 90%-105%.
These results showed that HPLC was simple, fast, accurate, reliable and repeatable to analysis Calceolarioside A in the mice serum samples.
Pharmacokinetic study After oral administration of butanol extract and Calceolarioside A, serum samples were collected at different time. Pharmacokinetic analysis was performed using the PK-solver program [13] . The concentration-time curves of butanol extract and Calceolarioside A in mice serum were shown in Fig.2 . The main pharmacokinetic parameters are shown in Tab.1 C max (Highest Concentration) of Calceolarioside A in group B was 2.5 times as much as that in group A, and the AUC 0-t (Area under curve) in group B was 3 times higher than that in group A. Maybe there were some compounds in the butanol extract which were useful to promote the absorption of Calceolarioside A under oral administration. Synergistic effects were widely used in Traditional Chinese Medicine [14, 15] .
As showed in Fig. 2 , there were two peaks in concentration-time curve of Calceolarioside A in mice serum; it was possible due to distribution and re-absorption. Therefore, it needed further study to determine the concentration of Calceolarioside A in mice tissues. 
Materials and Methods
Materials Calceolarioside A and was prepared as previously reported [7] . Butanol extract contained the phenylethanoid glycosides (such as Calceolarioside A) extracted by butanol form the bark of Fraxinus mandshurica Rupr. The internal standard Calceolarioside B was obtained from Wuhan ChemFaces. Ethanol, ethyl acetate and other chemical reagents were obtained from Beijing Chemical Works.
Animals 20 Swiss mice (20±2g) were purchased from the Animal Experiment Centre of Jilin University (Changchun, China). The mice were housed in groups of five with a standard mouse diet and water, and fasted for 12 hours before Calceolarioside A and butanol extract given. 18 mice were random allocation to 2 groups (group A and group B, 9 mice in each group) and were labeled from 1 to 9 in each group. To collect the blank sera, the remaining two mice were sacrificed without oral neither Calceolarioside A nor butanol extract.
HPLC The concentrations of Calceolarioside A in serum samples were assayed by Shimadzu HPLC (Japan) with LC-20AD double pump, SIL-20A auto-injector, CTO-20A column temperature tank, Inertsil ODS-SP column (5µm, 4.6×250mm), SPD-20A UV detector. The mobile phase was methane and 0.1% phosphoric acid solution (40:60 V/V) and the flow rate was 1.0mL/min. The column temperature was 40°C. The detection wavelength was 350 nm.
Prepare of standard solution The standard stock solution was prepared by dissolved 5mg Calceolarioside A in 100 mL methanol to yield a concentration of 50 mg/L. The internal standard was Calceolarioside B, which was also dissolved by methanol, and the final concentration was 1 g/L. All stock solutions were kept at 4°C before use.
Administration and serum samples preparation In group A, Calceolarioside A was administered intragastrically at a dose of 50 mg/kg/mice on study hour 0. In group B, butanol extract was administered intragastrically at the dose of 517mg/kg/mice contained the same concentration of Calceolarioside A. Blood samples (100 µL) were collected from the facial vein of mice. In both groups, mice labeled 1, 2 and 3 were collected blood at 0 h (prior to administration), 2h, 8h; mice labeled 4, 5 and 6 were collected blood at 0.5h, 4h and 12h; mice labeled 7, 8 and 9 were collected blood at 1h, and 6h and 24h. Keep the blood samples at room temperature for 0.5 h, then the blood samples were centrifuged for 10min at 4,000rpm. The supernatant sera were collected and add the same volume methane. All of the mixtures were mixed by vortexing for 1min, then collect the supernatant and dried by nitrogen gas. The samples were then reconstituted into 50 µL of methane and analyzed by using HPLC.
Pharmacokinetic method validation Selectivity and specificity The selectivity of the method was determined by five mouse blank serum samples eluting with Calceolarioside A, and the internal standard. Chromatographic peaks of Calceolarioside A and the internal standard were identified based on their retention times (t R ).
Calibration curve and Accuracy The concentrations of Calceolarioside A which were added to these blank mice serum samples were 50, 100, 500, 1,000, 2000, 2,500 µg/L, respectively, and the IS (Calceolarioside B) were added as 100 µg/L in each mice serum samples. The calibration curve was constructed using vales ranging from 50 µg to 2,500 µg/L of Calceolarioside A in blank mouse serum, and determined six times on the same day for intraday and different days for the interday accuracy test.
Recovery The concentrations of Calceolarioside A at 100 and 500 µg/L were added to mouse blank serum samples respectively. After the serum samples preparation processing and the recovered Calceolarioside A was determined by HPLC.
Pharmacokinetic study The concentrations of Calceolarioside A in the serum of treated group of mice were evaluated using the equation from the standard curves. Pharmacokinetic analysis was performed using PK-solver program.
Statistics
The Pharmacokinetic parameters were analyzed by PK-solver, and other data were analyzed by Microsoft Office Excel 2007 and GraphPad Prism 5.
